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Adsorption and desorption of Bifenthrin in six soils. 
 

Report: MRID 49175401. Schick, M. 2013. Soil adsorption/desorption of 

[3H]bifenthrin by the batch equilibrium method.  Unpublished study 

performed by PTRL West (a division of EAG), Hercules, CA; sponsored and 

submitted by Consumer Specialty Products Association, Inc. (CSPA), on 

behalf of the Bifenthrin Task Force Steering Committee/Joint Venture, 

Washington, DC. PTRL West Report No. 2344W. Experimental initiation 

November 15, 2012 and completion May 31, 2013 (p. 13). Final report July 

12, 2013. 

Document No.: MRID 49175401 

Guideline: OCSPP 835.1230 

Statements: The study was conducted in accordance with USEPA Good Laboratory 

Practice Standards (40 CFR Part 160; p. 3). Signed and dated Data 

Confidentiality, GLP, and Quality Assurance statements and a Report 

Approval page were provided (pp. 2-5). A Certification of Authenticity 

statement was not provided. 

Classification: This study is considered supplemental.  The four highest test substance 

concentrations (0.100, 0.075, 0.050, and 0.025 µg/L), were higher than limit 

of solubility of bifenthrin (0.014 µg/L).  Only one test substance 

concentration (0.010 µg/L) was below the solubility.  It was noted that the 

test substance concentration in water at equilibrium were below the 

solubility limit.  The test substance degraded during the study, and no 

attempts were made to identify the unidentified radioactivity.  Limits of 

Detection (LOD) and Quantification (LOQ) for HPLC analyses and LOQs 

for LSC analyses were not reported. 

 

PC Code: 128825 

Signature: 

 

 

Final Reviewer: José L. Meléndez Date:   February 26, 2015 

 

 

Executive Summary 

In a batch equilibrium study, four soils and two sediments (pH range 4.4 to 7.4) from the 

U.S. were used to measure sorption coefficients of [3H]bifenthrin in the dark at 20C. 

Determined Freundlich Adsorption Coefficient (KF) values ranged from 898.85 to 

9,586.84 L/kg (mean KF = 4,726.56 L/kg); respective KFOC values ranged from 26,437 to 

836,170 L/kg (mean KFOC = 329646 L/kg).1  The Freundlich Desorption Coefficients 

                                                      
1 Sorption is a generic term that applies to absorption, adsorption, and desorption processes. Adsorption 

refers to sorption onto a two-dimensional surface; absorption refers to sorption into a three dimensional 

matrix. Both types of sorption occur in soils and sediments. Desorption refers to a sorbate becoming 

desorbed from a sorbent. Desorption distribution coefficients are measured by removing solution from a 

sorption experiment and adding fresh solution, so that all material measured in solution will be the 
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(KFdes) ranged from 70.74 to 17,968.31 L/kg (mean KF = 4,714.75 L/kg).  Percent 

adsorbed and percent of the desorbed, as percent of the adsorbed, were not reported. 

Freundlich exponents corresponding to KF values ranged from 0.90 to 1.12 across all test 

soils and sediments, except for the freshwater sediment desorption KF value (0.70). 

 

Adsorption coefficients (Kd) ranged from 2383.65 to 3966.21 L/kg and organic carbon 

normalized adsorption coefficients (KOC) ranged from 58138 to 476912 L/kg. Table 3 

summarizes the adsorption coefficients measured in the study. Table 4 summarizes the 

desorption coefficients measured in the study.  

 

Mass balances ranged from 90.3-105.2% of the applied for all test soils and sediments. 

HPLC analysis of all test soils and sediments treated at the highest test concentration 

showed that [3H]bifenthrin degraded during the study.  Bifenthrin represented averages of 

47.0-67.7% of the available radiotritium in the adsorption solutions, 38.3-93.8% in the 

desorption solutions, and 79.6-91.1% in the soil extracts. 

 

Coefficients of variation (CV) across all treated [3H]-treated soils and sediments were 0.8 

and 1.0 for adsorption KF and KFOC, respectively, and 1.4 and 1.9 for desorption KF and 

KFOC, respectively. 

 

Results Synopsis: 

 

                                                                                                                                                              
desorbed material. The guideline uses the term adsorption in place of sorption and refers to the initial 

measurement of sorption. 
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Table 1. Summary of Adsorption/Desorption Results A 

Soil/ 

Sediment,  

% OC 

pH 

Regressed Kd 

(L/kg-soil) Range of 

Kd (L/kg-

soil) 

Regressed 

KOC  

(L/kg-OC) 

KF 

((L/kg-soil)-1/n)  

1/n for 

adsorption 

KFOC 

(L/kg-

OC)-1/n) Ceq Range 

 (mg/L) 

Value ± 

SE 
r2 

p-value 
Value ± SE 

Value ± 

SE 
r2 p-value 

Value ± 

SE 

Value ± 

SE 

Adsorption 

Iowa Sandy 

clay loam, 

(2.6% OC, 

pH 6.3) 

3966.2 ± 

228.3 
0.971 3.1E-08 

 

3288.46-

5088.65 

152547 ± 

8780.4 

9586.8 ± 

2.2 
0.975 3.2E-06 1.07 ± 0.1 

368725 ± 

86 

0.00000039-

0.00000429 

Wyoming 

Clay 

(0.8% OC, 

pH 6.7) 

3823.1 ± 

91.1 
0.995 1.23E-11 

3205.61-

4221.90 

471985 ± 

11243.1 

6773.0 ± 

1.5 
0.993 3.2E-08 1.05 ± 0.03 

836170 ± 

190 

0.00000039-

0.00000399 

California 

Sandy loam 

(0.5% OC, 

pH 5.2) 

2457.8 ± 

188.9 
0.950 3.8E-07 

1892.81-

3257.40 

446881 ± 

34338.0 

2922.2 ± 

3.0 
0.946 9.4E-05 1.01 ± 0.1 

531300 ± 

553 

0.00000048-

0.00000737 

North Dakota 

Loam 

(4.1% OC,  

pH 7.4) 

2383.6 ± 

34.6 
0.998 1.4E-13 

1941.86-

2512.28 

58138 ± 

843.6 

7168.4 ± 

1.4 
0.995 6.7E-09 1.09 ± 0.03 

174839 ± 

35 

0.00000067-

0.00000600 

 Marine 

sediment 

(2.5% OC,  

pH 7.1) 

2743.6 ± 

113.8 
0.985 1.7E-09 

2248.21-

4065.57 

109742 ± 

4551.9 

1010.2 ± 

2.0 
0.975 8.5E-06 0.92 ± 0.1 40407 ±80 

0.00000046-

0.00000496 

Freshwater 

sediment 

(3.4% OC, 

pH 4.4) 

3250.2 ± 

285.2 
0.935 1.2E-06 

2140.21-

4870.97 

95594 ± 

8387.5 

898.8 ± 

2.8 
0.943 1.8E-04 0.90 ± 0.1 26437 ± 83 

0.00000031-

0.00000485 

 
Desorption 

Iowa Sandy 

clay loam, 
4002.4 ± 

168.3 
0.984 2.0E-09 

3394.50-

6044.44 

153939 ± 

6473 

1581.7 ± 

2.0 
0.979 4.2E-06 

0.93 ± 

0.05 
60833 ± 75 

0.00000025-

0.00000327 
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(2.6%OC, 

pH 6.3) 

Wyoming 

Clay 

(0.8%OC, 

pH 6.7) 

4994.0 ± 

196.7 
0.986 1.1E-09 

4465.41-

6360.36 

616546 ± 

24282 

4558.8 ± 

1.8 
0.984 7.2E-07 

0.99 ± 

0.04 

562815 ± 

227 

0.00000027-

0.00000318 

California 

Sandy loam 

(0.5%OC, 

pH 5.2) 

4012.3 ± 

172.2 
0.984 2.4E-09 

2308.82-

4875.86 

729507 ± 

31309 

17968.3 

± 4.0 
0.938 9.9E-05 1.12 ± 0.1 

3266966 ± 

719 

0.00000037-

0.00000345 

North Dakota 

Loam 

(4.1%OC,  

pH 7.4) 

4957.5 ± 

62.9 
0.999 4.3E-14 

4629.63-

6294.12 

120915 ± 

1534 

2370.7 ± 

1.5 
0.993 6.0E-08 

0.95 ± 

0.03 
57823 ± 37 

0.00000017-

0.00000225 

 Marine 

sediment 

(2.5%OC,  

pH 7.1) 

4601.4 ± 

253.3 
0.973 2.1E-08 

3565.45-

5875.00 

184056 ± 

10131 

1738.2 ± 

3.0 
0.945 1.3E-04 0.93 ± 0.1 

69530 ± 

119 

0.00000024-

0.00000270 

Freshwater 

sediment 

(3.4%OC, pH 

4.4) 

2778.7 ± 

560.0 
0.732 7.8E-04 

1679.20-

7275.64 

81727 ± 

16470 

70.7 ± 

6.8 
0.754 5.8E-02 0.70 ± 0.1 2080 ± 201 

0.00000025-

0.00000487 

Abbreviations: SE = standard error of regression. 
A Data and results are in the attached Excel workbook. See Attachment 2 for equations used for calculations. 
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Table 2. Description of Soil/Sediment 
Soil Name 

 

 

Origin 

IA Sandy 

clay loam 

 

Jefferson, 

Iowa 

WY Clay 

 

 

Fremont 

County, 

Wyoming 

CA Sandy 

loam 

 

Hughson, 

California 

ND Loam 

 

 

Northwood, 

North 

Dakota 

Marine 

Sediment 

 

Wareham, 

Massachusetts 

Freshwater 

Sediment 

 

Wareham, 

Massachusetts 

USDA Textural 

Class 

Sandy 

clay loam 
Clay 

Sandy 

loam 
Loam Loamy sand Sand 

% Sand 53 25 62 28 83 93 

% Silt 25 28 29 45 12 4 

% Clay 22 47 9 27 5 3 

% OC1 2.6 0.81 0.55 4.1 2.5 3.4 

% OM 4.4 1.4 0.95 7.0 4.3 5.8 

CEC (meq/100 g 

soil) 
17.4 28.6 5.9 23.7 34.3 7.5 

pH (in 0.01M 

CaCl2) 
6.3 6.7 5.2 7.4 7.1 4.4 

pH (in 1:1 soil: 

water) 
6.7 8.3 6.1 7.7 7.0 5.6 

% moisture (1/3 

bar) 
21.0 28.8 12.7 44.5 22.8 21.5 

Bulk density 

(disturbed, g/mL) 
1.09 1.10 1.35 0.86 1.09 0.98 

Soil Series NR NR Hanford NR NR NR 

Soil Taxonomy NR NR NR NR NR NR 

CaCO3 

equivalence 
NR NR NR NR NR NR 

Data were obtained from p. 17, Table II, pp. 35-36, and Appendix C, pp. 96-116 of the study report. 

NR = not reported. 

The reviewer confirmed the textural class using the following: 

http://www nrcs.usda.gov/wps/portal/nrcs/detail/national/soils/?cid=nrcs142p2 054167. 

 

 

B. Study design 

 

1. Experimental conditions: A preliminary experiment was conducted to determine 

the stability of [3H]bifenthrin in 0.01M CaCl2 solution (p. 18).  Duplicate samples 

were prepared at a test concentration of 100 ng/L and ca. 1% acetonitrile.  The 

samples were left undisturbed at room temperature, and triplicate 1-mL aliquots 

were collected at time 0 and after 3, 6, 24, 48, and 72 hours. Aliquots of the 

samples and acetonitrile rinse from the sample bottles were analyzed using LSC 

and HPLC.  Mass balances were >96% for the two samples (p. 27). [3H]-

Bifentrhin was shown to be stable in the two samples, comprising 84.4 and 85.5% 

of the applied dose (out of a total of 86.8 and 88.0% of the applied dose, 

respectively, in the sample + bottle rinse; p. 28). 

 

A Tier 1 experiment was conducted to determine the optimum soil:solution ratio 

to be used in the definitive experiment (p. 19).  Due to the low water solubility of 

[3H]bifenthrin, a soil:solution ratio of 1:150 (1 g soil to 150 mL of 0.01 M CaCl2  

solution) and 1:100 (1.5 g) were used for the six test systems (see Reviewer’s 
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Comment). The nominal dose rate was 93.2 ng/L (p. 20). The samples were 

shaken for 24 hours at 20ºC, and then centrifuged. Aliquots (3 x 1.0 mL) were 

analyzed using LSC.  Adsorption solution recoveries averaged 4.3-7.5% of the 

applied for the six test systems.  Recoveries for soil-less control sample 

adsorption solutions were 42.9-52.3% of the applied, indicating significant 

sorption of the test substance to the glass container walls. Recoveries in the 

acetonitrile bottle rinses ranged from 0.7-15.3% of the applied, indicating that 

sorption to the walls of the container is greatly reduced in the presence of soil. 

 

A Tier 2 experiment was conducted to determine the appropriate equilibration 

times to be used in the definitive study (p. 20). Duplicate samples of each of the 

six test soils/sediments and duplicate soil-less controls were prepared and dosed 

as described for the Tier 1 samples.  One experiment was conducted using the 

Iowa, Wyoming, and California soils, and a second experiment was conducted 

using the North Dakota soil and the marine and freshwater sediments. The 

samples were pre-equilibrated overnight, and then dosed directly via syringe and 

shaken overnight.  The target dose rate was 100 ng/L.  Duplicate samples were 

collected at 0, 6, 18, 24, 30, and 48 hours and centrifuged (p. 21).  The 

supernatants were decanted into graduated cylinders containing 90 mL of 

acetonitrile to yield a final solution containing 40% acetonitrile by volume.  

Aliquots (3 x 1.0 mL) of the supernatants were analyzed using LSC.  The sample 

bottles/soils were extracted three times with acetonitrile:0.01N HCl (9:1, v:v) and 

centrifuged.  The extracts were combined and analyzed using LSC.  The 

adsorption solutions and extracts were analyzed using HPLC; average mass 

balances were 91.0 ± 2.6% and 96.9 ± 3.0%, respectively (p. 28; Appendix G, pp. 

133-136).  HPLC analyses showed >10% degradation of bifenthrin in the 

supernatants and soil extracts.  Based on these results, 24-hour adsorption and 

desorption equilibrium times were selected for use in the definitive study, in order 

to minimize degradation of the test substance (p. 29; Table IV, pp. 38-39). 

 

For the definitive study in the Tier 3 phase, triplicate aliquots (one was extra if 

needed) of each soil and sediment (1 g) were placed into 200-mL silanized glass 

centrifuge bottles, pre-equilibrated overnight in 150 mL 0.01 M CaCl2 solution, 

and dosed with 150 L of [3H]bifenthrin, dissolved in 0.1% acetonitrile, at a 

nominal concentration range of 10 to 100 ng/L (pp. 11, 21; Table III, p. 37). The 

measured test concentration range was 10.46 to 103.69 ng/L (p. 29). The samples 

were shaken in the dark at 20C for 24 hours. Following centrifugation, the 

supernatants were decanted into graduated cylinders containing 90 mL of 

acetonitrile to achieve ca. 40% acetonitrile, and weighed (p. 22).  For the 

desorption phase, an equivalent volume of fresh sterile 0.01 M CaCl2 solution was 

added to each test vessel and the samples were equilibrated in the dark at 20C for 

24 hours.  The samples were centrifuged, decanted into graduated cylinders as 

described for the adsorption solutions, and weighed.  

 

Aliquots of the adsorption solutions + acetonitrile (3 x 5 mL) and the desorption + 

acetonitrile (3 x 5 mL) were radioassayed using LSC (p. 22).  Following 
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desorption, at least two replicates per soil for each test concentration were 

extracted three times with acetonitrile:0.01M HCl (9:1, v:v; 25 mL) and 

centrifuged. The resultant supernatant layers were combined, the volumes were 

measured, and aliquots (3 x 1 mL) were analyzed using LSC.  Soil samples were 

combusted and analyzed using LSC. 

 

2. Analytical procedures: Radioactivity in the aqueous supernatants and extraction 

solutions was determined by Liquid Scintillation Counting (LSC; p. 22).  

Adsorption supernatants, desorption supernatants, and extraction solutions from 

the highest test concentration (100 ng/L) were analyzed using HPLC (Capcell-Pak 

C-18 5 µm column, gradient mobile phase of (A) 0.1% formic acid in HPLC 

grade water and (B) 0.1% formic acid in HPLC grade methanol, with UV (230 

nm) and radioactive flow detection; p. 16).  Example Limits of Detection (LOD) 

for LSC analysis were 0.03 ppt for the supernatants and 1.3 ppt for the combusted 

samples (pp. 23-24); Limits of Quantification (LOQ) were not reported.  The 

LOD and LOQ for HPLC analysis were not reported. 

 

The high-dose adsorption and desorption supernatants (which contained 40% 

acetonitrile) and soil extracts were partitioned into water and acetonitrile layers 

using salt, the acetonitrile layer was removed, and the water was extracted once 

more with acetonitrile (30 mL; p. 23). The acetonitrile layers were combined and 

concentrated under nitrogen.  Aliquots of the concentrated adsorption and 

desorption solutions and the un-concentrated soil extracts were analyzed using 

HPLC as described previously. 
 

II. Results and Discussion 

 

A. Mass Balance: Recovery of radioactivity in aqueous supernatants, soil extracts, and 

combusted soils and sediments, determined at all test concentrations, ranged from 90.3-

105.2% of the applied for the Iowa sandy clay loam soil, 98.6-103.1% for the Wyoming 

clay soil, 96.9-103.2% for the California sandy loam soil, 96.6-103.9% for the North 

Dakota loam soil, 95.8-103.6% for the marine sediment, and 94.3-104.7% for the 

freshwater sediment (Table V, pp. 40-44). 

 

B. Transformation of Parent Compound:  HPLC analysis of all test soils and 

sediments treated at the highest test concentration showed that [3H]bifenthrin degraded 

during the study (p. 31).  Bifenthrin represented averages of 47.0. 56.8, 67.7, 62.8, 58.5, 

and 62.2% of the available radiotritium in the Iowa sandy clay loam, Wyoming clay, 

California sandy loam, North Dakota loam, marine sediment, and freshwater sediment 

adsorption solutions, respectively (Figure 4, pp. 53-58).  Bifenthrin represented averages 

of 70.4, 93.8, 89.5, 38.3, 86.1, and 79.8% of the available radiotritium in the Iowa sandy 

clay loam, Wyoming clay, California sandy loam, North Dakota loam, marine sediment, 

and freshwater sediment desorption solutions, respectively (Figure 5, pp. 59-64).  

Bifenthrin represented averages 82.1, 90.2, 90.5, 79.6, 90.5, and 91.1% of the available 

radiotritium in the Iowa sandy clay loam, Wyoming clay, California sandy loam, North 

Dakota loam, marine sediment, and freshwater sediment soil extracts, respectively 

(Figure 6, pp. 65-70). 
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C. Findings:  Reported values were calculated using linear regression (Excel) and the 

equations and methods discussed in the calculations section.  Adsorption and desorption 

pH values were not reported. 

 

Percent adsorbed and percent of the desorbed, as percent of the adsorbed, were not 

reported.  

 

Equilibration concentrations in water were appropriate and ranged from 0.00000031 to 

0.00000737 g/mL following the adsorption phase, and from 0.00000017 to 0.00000487 

g/mL following desorption (Appendix I, pp. 155-169).  Coefficients of variation (CV) 

across all soils and sediments were 0.8 and 1.0 for adsorption KF and KFOC, respectively, 

and 1.4 and 1.9 for desorption KF and KFoc, respectively. 

 

Table 3. Description of Adsorption Coefficients 
Soil Kd (L/kg) KOC KF (L/kg) KFOC 

Iowa Sandy clay loam 3966.21 152547 9586.84 368725 

Wyoming Clay 3823.08 476912 6772.97 836170 

California Sandy loam 2457.84 446881 2922.15 531300 

North Dakota Loam 2383.65 58138 7168.39 174839 

Marine sediment 2743.55 109742 1010.18 40407 

Freshwater sediment 3250.19 95594 898.85 26437 

Mean (%) 3104 222481 4727 329646 

Standard Deviation (%) 685 186181 3619 315695 

Coefficient of Variation (%) 22 84 77 96 

 

Table 4. Description of Desorption Coefficients 
Soil Kdes (L/kg) KOC-des KF-des (L/kg) KFOC-des 

Iowa Sandy clay loam 4002.41 153939 1581.67 60833 

Wyoming Clay 4994.02 616546 4558.80 562815 

California Sandy loam 4012.29 729507 17968.31 3266966 

North Dakota Loam 4957.52 120915 2370.74 57823 

Marine sediment 4601.40 184056 1738.24 69530 

Freshwater sediment 2778.71 81727 70.74 2080 

Mean (%) 4224 314448 4715 670008 

Standard Deviation (%) 831 282105 6655 1289050 

Coefficient of Variation (%) 20 90 141 192 

 

Reviewer-reported adsorption coefficients for the four soils were lower than the study 

author-reported values, and for the two sediments were higher than the study author-

reported values (see Reviewer’s Comment; p. 30; Table VI, p. 46).  Reviewer-reported 

desorption coefficients were higher than the study author-reported values for all soils and 

sediments, with the exception of the Wyoming clay soil (Table VII, p. 48). 
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For all the additional graphs, please refer to the Attachment 3. 

 

The results of the regression of Kd by percent organic carbon, percent clay, and CEC are 

tabulated below: 

 

Table 5. Summary of Regressed Kd vs %OC, %Clay, and CEC 
Parameter r2 p-value 

Kd vs. % organic carbon  0.034 0.726 

Kd vs. % clay 0.206 0.365 

Kd vs. CEC 0.008 0.870 
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The data showed no correlation between the adsorption of bifenthrin to soil and percent 

organic carbon, percent clay content or cation ion exchange capacity. 

 

 

III. Study Deficiencies and Reviewer’s Comments 

 

1. The test substance degraded during the study, and no attempts were made to identify 

the unidentified radioactivity.  HPLC analysis of adsorption solutions, desorption 

solutions, and soil extracts from the high-dose soil/sediment samples showed that 

[3H]bifenthrin degraded during the study (p. 31).  The HPLC chromatograms 

presented in Figures 4-6 of the study report show multiple regions of radioactivity 

were detected (pp. 53-70).  No attempts were made to identify these regions of 

radioactivity.  Degradation of the test substance was also observed in the Tier 2 

samples; bifenthrin degradation was >10% in the adsorption solutions, desorption 

solutions, and soil extracts, based on HPLC analysis (p. 28). 

 

2. Limits of Detection (LOD) and Quantification (LOQ) for HPLC analyses and the 

LOQ for LSC analyses were not reported. 

 

3. The water solubility of the test substance was not reported.  It was stated that due to 

the low water solubility of [3H]bifenthrin, a soil:solution ratio of 1 g of soil:150 mL 

of 0.01M CaCl2 solution was selected for the definitive study (p. 28).  Information 

available to the reviewer indicates that the solubility of bifenthrin in water is 0.014 

g/L (Laskowski 2002). 

 

4. There should be a minimum of 5 concentrations analysed for each soil/sediment, 

covering at least two orders of magnitude.  Furthermore, these concentrations should 

be at least two orders of magnitude higher than detection limits and should not exceed 

half of the compound’s solubility limit.  Given the extremely low solubility of 

bifenthrin, these two review considerations were not fully met.  The four highest test 
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substance concentrations (0.100, 0.075, 0.050, and 0.025 µg/L), were higher than 

limit of solubility of bifenthrin (0.014 µg/L).  Only one test substance concentration 

(0.010 µg/L) was below the solubility. 

 

5. In the Tier 1 preliminary studies, significant adsorption was noted in the soil-less 

controls (p. 28).  Recoveries for soil-less control sample adsorption solutions were 

42.9-52.3% of the applied, indicating significant sorption of the test substance to the 

glass container walls.  In the soil samples, recoveries for the acetonitrile bottle rinses 

ranged from 0.7-15.3% of the applied, indicating that sorption to the walls of the 

container is greatly reduced in the presence of soil.  A preliminary test could have 

been conducted using alternate test containers to determine if there would be less 

adsorption to the containers.  However, in the definitive study, recovery for all 

soils/sediments was >90%.  The material balance table for the definitive study 

samples includes a column for bottle/soil extract (Table V, pp. 40-44).  Thus, it 

appears that the bottles were extracted with the soils/sediments during the analysis in 

order to obtain more radioactive residues (see p. 21 of study report). 

 

6. In the material balance table for the definitive study, it was stated in a footnote that 

the adsorption/desorption solutions were extracted with hexane (Table V, pp. 40-44).  

However, this extraction step was not mentioned in the analytical methodology 

section of the study report.  Clarification by the registrant should be provided.  

 

7. It was stated that [3H]bifenthrin degraded slightly in the final dosing solution during 

the study, with a final purity of 92%, based on HPLC analysis (p. 27; Figure 2, pp. 

50-51).  All dosing solutions were determined to be homogeneous during the 

application processes. 

 

8. It was not clear that the definitive soil samples were air-dried and sieved prior to use.  

The protocol states that the test soils would be air dried and sieved (2 mm) prior to 

use in the study, but this was not stated in the definitive study (Tier 3) methods 

(Appendix A, p. 82). 

 

9. Reviewer-reported sorption coefficients for the four soils were lower than the study 

author-reported values, and for the two sediments were higher than the study author-

reported values (p. 30; Table VI, p. 46).  Due to significant degradation (>90%) of 

bifenthrin in some of the high-dose test systems, the study authors calculated 

adsorption and desorption coefficients for those test systems based on the percent 

bifenthrin, as determined by HPLC analysis (p. 31; Appendix I, pp. 155-185).  For the 

Kd calculations of the 100 ng/L samples, the percent bifenthrin for the individual 

samples was used; for all other concentrations, the averages of the two samples were 

used (p. 31). 

 

10. Bifenthrin represented >90% of the available radiotritium in the soil-less control 

adsorption and desorption solutions, and >80% of the available radiotritium in the 

HPLC analysis of the soil-less control bottle rinses (p. 31; Figures 9-11, pp. 77-79). 
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11. The study author concluded that the adsorption KOC values predict bifenthrin to 

exhibit extremely low mobility in the six soils/sediments (p. 32).  The author added 

that the desorption KOC values indicate that, once adsorbed to soil, it is extremely 

unlikely that bifenthrin will be removed. 
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Attachment 2: Calculations 

 

Calculations were performed by the reviewer using Excel and the following equations. 

 

Ceq range is the range of test concentrations in water at equilibrium. 

Cs is the test concentrations sorbed to soil or sediment at equilibrium. 

 

Kd –Distribution Coefficient for Adsorption = Cs/Ceq    (eq 1) 

 

 Regressed Kd is calculated using linear regression of Cs versus Ceq with a 

forced zero intercept over the range of measured Ceq for each soil/sediment. 

 

 Range of Kd reflects the range of each Kd measured at a specific concentration 

in a soil/sediment 
 

KOC -Organic Carbon Normalized Adsorption Coefficient = regressed Kd *100/% OC (eq 

2) 

 

Standard Error (SE) of KOC= Kd SE *100/%OC     (eq 3) 

 

KF -Freundlich Adsorption Coefficient and the Freundlich exponent (1/n) were calculated 

using nonlinear regression of Cs = KF x Ceq 1/n.  Cs should be expressed in mg/kg and 

Ceq should be expressed in mg/L in the regression.    (eq 4) 

 

KFOC – Organic Carbon Normalized Adsorption Coefficient = KF*100/%OC (eq 5) 

 

Standard Error (SE) of KFOC= KF SE *100/%OC     (eq 6) 

 

KDES –Apparent Desorption Coefficient = Cs/Ceq where Cs and Ceq are measured after an 

initial sorption measurement and the soil/sediment is placed in a new solution and 

allowed to equilibrate, so that any material in solution desorbed from the soil/sediment. 

(eq 7). 

 

 Regressed KDES is calculated using linear regression of Cs versus Ceq over the 

range of Ceq measured with a forced zero intercept for each soil/sediment. 

 

 Range of KDES reflects the range of each KDES measured at a specific 

concentration in a soil/sediment 

 

KOC-DES -Organic Carbon Normalized Apparent Desorption Coefficient = regressed KDES 

*100/% OC          (eq 8) 

 

Standard Error of KOC-DES = KDES SE* 100/%OC     (eq 9) 

 

KF-DES -Freundlich Desorption Coefficient and the Freundlich Desorption exponent (1/n) 

were calculated using nonlinear regression of Cs = KF-DES x Ceq 1/n   (eq 10) 
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KFOC-DES -Organic Carbon Normalized Freundlich Desorption Coefficient= KF-

DES*100/%OC          (eq 11) 

 

Standard Error of KFOC-DES = KF SE *100/%OC     (eq 12) 
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Attachment 3: Statistics Spreadsheets and Graphs 













Chemical: Bifenthrin

PC Code: 128825

MRID: 49175401

Guideline No: 835.123

Reviewer-calculated Adsorption Kd values

10 0.00000031 0.00151 4870.97

10 0.00000041 0.00147 3585.37

25 0.00000098 0.00355 3622.45

25 0.00000118 0.00340 2881.36

50 0.00000216 0.00724 3351.85

50 0.00000195 0.00743 3810.26

75 0.00000293 0.01166 3979.52

75 0.00000485 0.01038 2140.21

100 0.00000327 0.01464 4477.06

100 0.00000421 0.01465 3479.81

Data were obtained from Appendix I, pp. 155, 158, 161, 164, and 167 of the study report.

SUMMARY OUTPUT

Regression Statistics

Multiple R 0.967059348

R Square 0.935203783

Adjusted R Square 0.824092672

Standard Error 0.00241321

Observations 10

ANOVA

df SS MS F Significance F

Regression 1 0.000756466 0.000756466 129.8969973 3.17201E-06

Residual 9 5.24122E-05 5.82358E-06

Total 10 0.000808878

Coefficients Standard Error t Stat P-value Lower 95% Upper 95% Lower 95.0% Upper 95.0%

Intercept 0 #N/A #N/A #N/A #N/A #N/A #N/A #N/A

X Variable 1 3250.194457 285.1739095 11.39723639 1.19289E-06 2605.086256 3895.302659 2605.086256 3895.302659

Freshwater Sediment

Initial soln concen (Co) 

(ng/L)

Concen in soln at 
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(µg/mL)
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ads equil (Cs) 

(µg/g)
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Chemical: Bifenthrin

PC Code: 128825

MRID: 49175401

Guideline No: 835.123

Reviewer-calculated Adsorption Koc values 

Iowa Sandy Clay Loam 3966.21 2.6 152547 8780.4

Wyoming Clay 3823.08 0.8 471985 11243.1

California Sandy Loam 2457.84 0.6 446881 34338.0

North Dakota Loam 2383.65 4.1 58138 843.6

Marine  Sediment 2743.55 2.5 109742 4551.9
Freshwater Sediment 3250.19 3.4 95594 8387.5

Mean (%) 3104 222481

Standard Deviation (%) 685 186181

Coefficient of Variation (%) 22 84

Percent organic carbon data were obtained from Table II, pp. 35-36 of the study report.

Soil Regressed Kd
% Organic 

carbon
KOC Standard Error of Koc















Chemical: Bifenthrin

PC Code: 128825

MRID: 49175401

Guideline No: 835.1230

Reviewer-calculated Adsorption KFOC values 

Iowa Sandy Clay Loam 9586.84 2.6 368725 86.2

Wyoming Clay 6772.97 0.8 836170 189.5

California Sandy Loam 2922.15 0.6 531300 552.6

North Dakota Loam 7168.39 4.1 174839 34.7

Marine  Sediment 1010.18 2.5 40407 79.9
Freshwater Sediment 898.85 3.4 26437 83.3

Mean (%) 4727 329646

Standard Deviation (%) 3619 315695

Coefficient of Variation (%) 77 96

Percent organic carbon data were obtained from Table II, pp. 35-36 of the study report.

% Organic 

carbon
KFOC

Standard Error of 

KFOC
Soil Regressed KF















Chemical: Bifenthrin

PC Code: 128825

MRID: 49175401

Guideline No: 835.123

Reviewer-calculated Desorption Koc values 

Iowa Sandy Clay Loam 4002.41 2.6 153939 6473.0

Wyoming Clay 4994.02 0.8 616546 24282.0

California Sandy Loam 4012.29 0.6 729507 31308.9

North Dakota Loam 4957.52 4.1 120915 1533.6

Marine Sediment 4601.40 2.5 184056 10130.8
Freshwater Sediment 2778.71 3.4 81727 16469.6

Mean (%) 4224 314448

Standard Deviation (%) 831 282105

Coefficient of Variation (%) 20 90

Percent organic carbon data were obtained from Table II, pp. 35-36 of the study report.

Soil Regressed Kd
% Organic 

carbon
KOC

Standard 

Error of Koc















ANOVA

df SS MS F Significance F

Regression 1 0.934408591 0.934408591 24.49277627 0.001122268

Residual 8 0.305202997 0.038150375

Total 9 1.239611588

Coefficients Standard Error t Stat P-value Lower 95% Upper 95% Lower 95.0% Upper 95.0%

Intercept 1.84964053 0.834750572 2.215800256 0.057557934 -0.07529774 3.7745788 -0.07529774 3.7745788

X Variable 1 0.703682288 0.142186254 4.949017708 0.001122268 0.375800199 1.03156438 0.375800199 1.031564377

Chemical: Bifenthrin

PC Code: 128825

MRID: 49175401

Guideline No: 835.1230

Reviewer-calculated Desorption KFOC values 

Iowa Sandy Clay Loam 1581.67 2.6 60833 75.2

Wyoming Clay 4558.80 0.8 562815 226.9

California Sandy Loam 17968.31 0.6 3266966 718.5

North Dakota Loam 2370.74 4.1 57823 36.7

Marine  Sediment 1738.24 2.5 69530 118.7
Freshwater Sediment 70.74 3.4 2080 201.0

Mean (%) 4715 670008

Standard Deviation (%) 6655 1289050

Coefficient of Variation (%) 141 192

Percent organic carbon data were obtained from Table II, pp. 35-36 of the study report.

Soil Regressed KF
% Organic 

carbon
KFOC

Standard Error of 

KFOC





Chemical: Bifenthrin

PC Code: 128825

MRID: 49175401

Guideline No: 835.1230

Soil Regressed Kd % clay

Iowa Sandy Clay Loam 3966.21 22

Wyoming Clay 3823.08 47

California Sandy Loam 2457.84 9

North Dakota Loam 2383.65 27

Marine  Sediment 2743.55 5
Freshwater Sediment 3250.19 3

SUMMARY OUTPUT

Regression Statistics

Multiple R 0.454244363

R Square 0.206337941

Adjusted R Square 0.007922426

Standard Error 16.71928201

Observations 6

ANOVA

df SS MS F Significance F

Regression 1 290.6957692 290.6957692 1.039928461 0.365497379

Residual 4 1118.137564 279.534391

Total 5 1408.833333

Coefficients Standard Error t Stat P-value Lower 95% Upper 95% Lower 95.0% Upper 95.0%

Intercept -15.70369099 34.54847113 -0.454540837 0.67301396 -111.6256246 80.21824258 -111.6256246 80.21824258

X Variable 1 0.011126301 0.010910611 1.019768827 0.365497379 -0.019166411 0.041419012 -0.019166411 0.041419012

Soil Regressed Kd CEC

Iowa Sandy Clay Loam 3966.2150 17.4

Wyoming Clay 3823.08 28.6

Percent clay data were obtained from Table II, pp. 35-36 of the 

study report. The reviewer calculated Kd values using data 

obtained from Appendix I, pp. 155, 158, 161, 164, and 167 of the 

study report.
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